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CONOPS OV-1 Visualization__—  gis@u




Space Exploration Poster (2004)
Scott Seymour — NGIS VP & GM



Space Exploration Poster (2004)
Scott Seymour — NGIS VP & GM
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“Artist Concept”
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Grumman Lunar Module (LM) Legacy
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Early LSAM “Altair” Lunar Lander Concepts
NASA Constellation Program

"Super LM"
LSAM Configuration . . .
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Finding A Balance . .. Dream Aircraft Designs by C. W. Miller

IDEAL PLANES

Or what can happen if one of the team
gets all their own way!

Computer Aided Design Group Armament Group

O
Hydraulics Group
N\

Aerodynamics Group

Stress Group

Service Group

Empennage Gro&p



Maximum Aircrew

Visibility
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( Stealth
Maximum ECM

Avionics
Sensor
Integration

Weapons
Integration

Directed
Energy
Protection

Propulsion Ballistic Protection
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Finding A Balance ... Dream Spaceship Designs: comms, Sensors ¢
Electromagnetic
Integration _

Propulsion & Structural
Propellant
pellan Design &
Manufacturing

SCIENCE

_~ Attitude Control
i RCS

Habitabilit
T Electrical Power



Finding A Balance ... The Knee of the Curve!
Kinetic vs Non-Kinetic

Overall Capability

Existing
Technology
Development
& Application

We Are We Not Flying Supersonic?
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—___ New
— | Technology

Development

Diminishing
Returns

Breakthrough!

Pioneering
Science & Engineering

—

Overall Level of Development Effort, Cost, Schedule, etc.



The Design Thought Process - Work Backwards!!!

* What are the Requirements???
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Wernher von Braun - Lunar Direct

John Houbolt - Lunar Orbit Rendezvous

What Requirements
& Trade Studies Yielded
The DEATH STAR!??

COMPARISON OF LANDER SIZES

DIRECT LANDING

LUNAR FERRY OF
LUMAR RENDEZVOUS

100-160 Km

SaturnV



The Impact of Existing Infrastructure on Design
* Global Air Travel Infrastructure Investment - NASA ERA Program

_STOWED / DEPLOYED configuration * Launch Vehicle Payload Fall"ll‘lg
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ARTIFICIAL GRAVITY at 2 RPM

RADIATION

EM RADIATION SHIELD (DEFLECTION)

SUPERCONDUCTING
RINGS

PHYSICAL RADIATION SHIELD (ABSORPTION)

WATER, LUNAR
REGOLITH, ETC,




Reality vs. Entertainment Star Wars
The Design Thought Process g X-Wing

* Use the SCRIPT as your Requirements Document
* Create a Backstory

* Work Backwards — What are you trying to do?
* Systems Engineering - Find a Balance

* Be Consistent!
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Realistic Science Fiction Spacecraft

The Many Faces of G 1 | . e
The Discovery . .. /"f TP BT D3 RS Y LI STt IS U L ekl

Alternative Configuration Designs
Developed During Pre-Production |,

3D Modeling ~L Bl /=
& Renders by :
Nick Stevens , »




Realistic Science Fiction Spacecraft

Consider the Crew Spaces of a
Nuclear Submarine

Hermes - The Martian (2019)




AEROSPACE IMAGINEERING - CONCEPT DESIGN EXAMPLES

Cislunar Guard
Spacecraft Concept

e
[ el

et MD EERGY WEANS
& Trtima Aaan e
WNTRGAL TN

O TR A G S ok

v CA COUONIAL MARINES AW 40T ANAALLT WP

-~ - - -
. —

- ———

¥

AMde Spadant © 1995 - Al Rights Ressaved

LH COLORAL. MARNS FEASY ASSALLT SINCECRAYT
— ™
R

e ’

A CONCEFTUAL DEDMN PROMNCT
COMPMITZIONID BY DIOIT AL LOMAMN



sSuLeAnoyo




IRON MAN (2008) CATIA 3D Design
Apogee Award

Apogee Award - That point in a terrestrial orbit, which is farthest
from the Earth

Attitude Award - Orientation of a space vehicle as determined by
the relationship between its axes and some reference plane, e.g.
the horizon.,

Aurora Award - Arcs, rays or swaying curtains of green, yellow or
white lights seen in latitudes of about 70°, such as Aurora Borealis
or Northem Lights, and Aurora Australs or Southem Lights;
caused by streams of electrified particies, emitied by the Sun,
trapped in the Earth’s magnetic field

Azimuth Award - The angular position of an object measured in the
observer's horizontal plane, usually from north through east

Camber Award - The curved upper surface of Ihe wing
that make pe, often
ple, anir and things

VIVARN
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IRON MAN 2 (2010)

THE RETURNOF || \

IRON MAN!

(Did You Miss Me?)
/ VE The first look at next summer™s soqued with
L\'fm( mv, Je, Scartett Jobhansson and M« h,t- u'ir: :
PLUS More cool new stuff in our Comic-Con Prey




IRON MAN 2 (2010)
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{“THE RETURNOF '} x

IRON MAN -

(Did You Miss Me?)

‘l/ EXCLUSIVE The first look at next summer's sequel with
\ Robert Downey Jr, Scarlett Johansson and Mickey Rourke
PLUS More cool new stuff in our Comic-Con Preview!
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J. Michael Riva

202 INT. APOGEE AEROSPACE CONFERENCE ROOM - - DAY
(FLASHBACK)

Ben, four years younger, gives a PowerPoint presentation of a
ROCKET ENGINE DESIGN to a half-dozen ENGINEERS.

BEN
(mid-discussion, in command)

WAS:

Then we close by telling them she burns twenty-six percent less fuel
per thirty second interval — and that she weighs one third less than
her predecessor. If they pass on this baby, then quite frankly, they
deserve another Sputnik . . .

IS:

If there’s one thing I've learned about winning a contract, it’s tell
‘em what you’re gonna tell ‘em, tell ‘em, then tell ‘em what you
told ‘em. So we close by telling them she has a specific impulse
that's 3 % better from sea level to vacuum. If they pass on this baby,
then quite frankly, they deserve another Sputnik . . .

ENGINEER #1
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Rob Cohen
Director

Laura Ziskin
Producer

Joel Hynek
Visual Effects

J. Michael Riva
Production Designer

» 0

A Small Circle of Friends 1980

DragonHeart 1996
The Fast and the Furious 2001
XXX 2002
Stealth 2005

® Three pilots in a top-secret military
program struggle to bring a UCAV
artificial intelligence program under
control ... before it initiates the next
world war.

e Project not yet
“Green-Lighted”

e Development began in 2002

e Working title WARRIOR, and
briefly, AIR DOMINANCE

e Concept design requirement
for two advanced aircraft, one
manned, one unmanned

e Script review to incorporate
appropriate “Jargon” and
scene recommendations

e Phase I with Digital Domain
Phase II with Sony/Columbia
Pictures

. o Bm_ . &8 _ _B_Bm
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e Carrier-based single-seat
stealth strike fighter Da rk Eagle
—- Deep Invader

e Near future

e Mach 4 plus

e Global range

e VTOL/STOVL

e Exotic propulsion PDE
e Trans-Atmospheric?

ALTD SPADCNI @ 2002



C2005) DARK EAGLE DEEP INVADER - V4
& ol Multirole Strike Fighter

Swing Wing
Vectored Thrust

%\ Missionized Pods

VTOL

AR

¢ N /7/‘ /7/ e Carrier-based

single-seat
stealth strike fighter
o Near future
e Mach 4 plus
e Global range
e VTOL/STOVL
e Exotic propulsion PDE

e Trans-Atmospheric? "
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ROSFAC, AN ACINEER/ING

DARK EAGLE DEEP INVADER

Clean Configuration
Wings & Canards Swept Forward
Subsonic & Low Supersonic Flight

Clean
Landing Gear & Tailhook Down
Vertical Takeoff & Landing

With Thrust Vectoring

- va4

STEALTH (2005)

Clean Configuration

Wings & Canards Swept Back

High Supersonic/Supercruise Flight
(Mach 3.0 - 4.0)

Missionized Configuration
Clip-On Conformal Weapon & Fuel Pods
Tube Launch of Missile at High Speed

F-35B STOVL
Lift + Lift/Cruise

-
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STEALTH (2005) Northrop YF-23 ATF

Northrop
"Switchblade"

WALON - V7.2 B ALTD SPADCNI @ 2003 EIEEI01/14/03







“. .. Designed in Collaboration
With Northrop Grumman
“Stealth” Experts.”




LENIN ... ks MATESTY'S PRESIDENT CLASS BATTLE SHIP The Universe of

PREFESRED SYSHM ConcerT (rsc)
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VIDEO GAME DEVELOPMENT - LARRY NIVEN’S FREEFALL

Dolphin EVA Spacesuit Mot
Extended Duration Expeditionary Configuration |
Cned # cmigp® iaar et '

alchemic
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Asterold Mining RIg  winng Tower :
Larry Miven's Free Fall
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PERSEPHONE Spaceoraft Technical Advisor
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PERSEPHONE wnsc  PERSEPHONE

P entauti Cagbur Mission Overview
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PERSEPHONE

AeroFox Two is forced to
make emergency descent to
Persephone's surface

Main engine burn,

Scene 21-22 (T = +2 min)
Omni malfunction.
Random thruster firing )
Scene = Attitude thrusters fire to

s (T\* Em) align for reentry. Then 2 deg
trajectory adjustment
.’ Scene 25-26 (T = +6 min) - 1000 Km Orbit

oy y \ Descent, scan for landing site
) < i

*——//—
_— : Scene 30-31 (T = +12 min)

r——

= Main engine fires,

| - \§ Lightning strike!

AeroFox Two in 1000 Km /
orbit above Persephone Orbit decaying

Scene 33 (T = +13 min
Scene 17 (T = 0) ‘Scene 23-24 (1 agacy i )



RErofox FAST PACK™
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AEROFOX DAMAGE DURING LANDING SEQUENCE Lghtning strke

Aecolox grazes
cif! edge during

S— Lightning sirke

damagebum
aroa

Optional: Show pant
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Impact camage
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OOl elacironics

i L2 SIMADONI 2070

damage/bum
aea
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Opticnal: Show part
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torn away. Engne
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Impact damage
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fuel knes, vaives,
propulsion system
Conirol slacironics

Maintenance
accoss panod



SUMMARY & LESSONS LEARNED

- STEAM is good!

« Art and Illustration help communicate complex ideas
and facilitate the systems engineering process.

* Don’t shoot the technical advisor!

 Producers/Director must have the vision and the will to
incorporate accurate science & technology.

* Accurate science & technology does enhance the story
and can help educate.

 Hopefully your movie will actually be good!



- Keep Dreaming!
- Keep Envisioning!
- Keep Designing!

- Questions? SEa

Aldo Spadoni

President — Aerospace Imé’glneering
Former Manager - Engineering Visualization
Northrop Grumman Aerospace Systbr{ls
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